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@ Component transporting apparatus and method. 

© An apparatus for transporting a component, such as an electronic component (4) has a head (1) with a 
holding means (3) for holding the component (4) when the component (4) is picked up from a suitable 
store (15.15a). The head (1) is movable relative to a base (100). An imaging apparatus (6). such as e 
camera, is fixed to the head (1) and this allows the position of the component (4) relative to the holding 
means (3) to be determined whilst the component (4) is being transported. In order to simplify the 
structure, there is a movable optical component (8) on the head (1) which, in one position, contributes 
to defining an optical path between the component (4) and the imaging apparatus (6), and in another 
position is withdrawn. A further imaging apparatus may be provided, on the base or on the head. That 
further imaging apparatus (42,43,45) may then detect the position of large components (4). if the first 
imaging apparatus has a narrow filed of view for small components (4). Alternatively, when the further 
imaging apparatus is on the head (1), it may detect the position to which the component (4) is to be 
transported. 
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COMPONENT TRANSPORTING APPARATUS AND METHOD 



The present invention relates to an apparatus and 
a method for transporting a component. It is particu- 
larly, but not exclusively, concerned with the transpor- 
tation of an electronic component from a store of such 
components to a printed circuit board. 

In genera f, when moving an electronic compo- 
nent from a store to a printed circuit board, so that the 
component can be mounted on that circuit board, the 
apparatus for transporting the component has a head 
which moves from a position in which it can pick up the 
component to a suitable position adjacent the printed 
circuit board. A suitable means, such as a nozzle, is 
provided on the head for holding the component The 
positioning of the component on the printed circuit 
board then depends critically on the orientation of the 
component relative to the head; if the component is 
miss-aligned then it will not be positioned correctly. 
Therefore, several systems have been proposed to 
detect the position of the component relative to the 
head. 

A first known apparatus is shown in Fig. 1 of the 
accompanying drawings. An adsorption nozzle 3 of a 
mounting head 1 of the electronic component mount- 
ing apparatus picks up an electronic component 4 
from a component store 15 or 15a and the adsorption 
nozzle 3 moves to and stops at the position of an 
imaging apparatus 2. The imaging apparatus 2 
detects the position of the electronic component 4 and 
decides whether or not the electronic component is in 
the correct position relative to the head 1 , so that the 
component 4 can be mounted correctly on a printed 
circuit board 5. The imaging apparatus 2 is in the form 
of a camera and is located at a position below the path 
of movement of the adsorption nozzle 3. 

A second known apparatus is disclosed in Japan- 
ese Patent Laid-Open No. 260280/1988 which pro- 
vides an imaging apparatus (camera) equipped with 
a position switch, a strobe and a high speed shutter 
at a position below the path of movement of the head, 
so that when the head is located above the position 
switch, with an electronic component held thereon, 
the position switch operates, the strobe emits pulses 
light and the high speed shutter of the camera opens 
so as to take the photograph of the electronic compo- 
nent 

A third known apparatus is described in Japanese 
Patent Laid-Open No. 63099/1986. In this apparatus, 
the imaging apparatus (camera) is movable and when 
the head reaches a position above the printed circuit 
board, with an electronic component the camera 
moves to a suitable position and takes a photograph 
of the electronic component and printed circuit board. 

In the apparatus of Japanese Patent Laid-Open 
No. 63099 /1986, the camera has a tube extending 
therefrom, defining the optical path to the camera', 



which tube has a beam-splitter at the end of the tube 
remote from the camera, which enables the camera 
simultaneously to photograph both the component 
5 and the board. That end of the tube is therefore moved 
to a position directly between the component and the 
board, normally at equal distances from the compo- 
nent to the board, so that a suitable photograph can 
be taken. 

10 A fourth known apparatus is disclosed in Japan- 

ese Patent Laid-Open No. 135403/1983. In this 
apparatus, a plurality of cameras are provided above 
the mounting head, to take photographs of the elec- 
tronic component and the printed circuit board. 

is Other known propasals for detecting the position 

of the component relative to the head are disclosed in 
US 4286201, an article entitled "A Compact Image 
Processor and its Application" by S. Hacker et al. in 
the Proceedings of the 14th Annual Conference of 

20 IEEE Industrial Electronics Society, an article entitled 
"A Manufacturing Solution For Surface Mount Com- 
ponent High-Accuracy and High Volume Placement" 
by R. S. Shand in the Conference Proceedings of the 
Robots No. 12 and Vision 86 Conference, and an arti- 

25 cle entitJed "Vision Applications of a Direct Drive 
Robot" by J. L. Morris in the 5th International Confer- 
ence on Robot Vision and Sensory Controls. 

The inventors of the present application have 
considered the known component transportation 

30 apparatuses described above, and have appreciated 
that they each suffer from defects, in use. In the first 
known apparatus, described with reference to Fig. 1, 
the head 1, on which the electronic component 4 is 
mounted, must stop when it moves to the position of 

35 the imaging apparatus (camera) 2. Moreover, since 
the head 1 does not move linearly to the position of the 
printed circuit board 5 but takes a roundabout route 
via the position of the imaging apparatus (camera) 2, 
the path of the head 1 contains a detour, so that the 

40 time for mounting the electronic component 4 onto the 
printed circuit board 5 is lengthened and the efficiency 
of mounting the electronic component is thus dec- 
reased. 

The second known apparatus, of Japanese 
45 260280/1 9B8 does not suffer from problem described 
above because the imaging apparatus (camera) 
takes a photograph of the electronic component dur- 
ing the movement of the head. However, since the 
imaging apparatus (camera) is separate from the 
so head, the applicants have found that blurring of the 
subject is likely to occur when the imaging apparatus 
(camera) detects the electronic component if there is 
any vibration or the like during the movement of the 
head, and detection at high accuracy is therefore dif- 
55 ficulL To solve this problem, the mounting head must 
have a vibration-proofing structure and the structure 
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is therefore more complicated. 

The third known apparatus, of Japanese 
63099/1986, does not suffer from the problem 
because the camera moves. However, since the 
imaging apparatus (camera) is integral with the opti- 5 
cal components for imaging the electronic component 
and guiding the image to the imaging apparatus (cam- 
era), the camera and the optical components neces- 
sarily must be large, in order to detect a large sized 
electronic component, assuming that the visual field 10 
of the imaging apparatus (camera) is constant. There- 
fore, the time of movement of the imaging apparatus 
(camera) is long and in order to solve this problem, the 
force needed to drive the imaging apparatus (camera) 
must be increased. f 5 

The present invention seeks to provide an 
apparatus and method for transporting a component, 
such as an electronic component, which permits 
improved detection of the location of the component 
relative to the transportation head. so 

The present invention proposes that the imaging 
apparatus, which is preferably a camera, is provided 
on the head. However, the present invention then has 
three aspects. 

In the first aspect, the imaging apparatus is fixed 25 
to the head, and there is an optical component which 
is movable between a position in which it contributes 
to defining an optical path between the imaging 
apparatus and the component mounted on the head, 
and another position in which it is whithdrawn. The 30 
imaging apparatus is fixed, and only the optical com- 
ponent moves relative to the head, the mechanism 
necessary for moving that optical component may be 
relatively simple. With such an arrangement, when 
the component is picked up by the head, the optical 35 
component may be in its withdrawn position so it does 
not interfere with that picking up of that component, 
and it may then be moved to a position defining an 
optical path between the imaging apparatus and the 
component on the head, check that component is in 40 
the correct position relative to the head. Then, the 
optical component may be withdrawn so that it does 
not subsequently interfere with the processing of the 
component, e.g. the mounting of that component on 
a printed circuit board. 45 

In the second aspect of the invention, a second 
imaging apparatus, such as a camera, is provided. 
One camera has a narrow field of view and the other 
has a wide field of view. There are then a number of 
possibilities. Firstly, the two imaging apparatuses so 
may be used to check the position of components of 
different sizes, so that the imaging apparatus with a 
narrow field of view detects small components where 
high precision is needed, and the imaging apparatus 
with a wide field of view detects large components. In 55 
this case, the imaging apparatus with the wide field of 
view may be on the head or on the base of the 
apparatus. If, however, the imaging apparatus with a 



wide field of view is positioned on the head, it could 
alternatively be used to detect the point to which the 
component on the head is to be moved, such as the 
printed circuit board. 

In the third aspect, the present invention again 
provides a second imaging apparatus, and in this 
case that second imaging apparatus is mounted on 
the base of the apparatus. 

It should be noted that a given component trans- 
porting apparatus according to the present invention 
may embody one or more than one of these aspects. 

Embodiments of the present invention will now be 
described in detail, by way of example, with reference 
to the accompanying drawings, in which: 

Fig. 1 shows a known apparatus for transporting 

an electronic component, and has already been 

described; 

Fig. 2 is similar to Fig. 1, but the transportation 
apparatus of the present invention is incorporated 
therein; 

Fig. 3 shows a first embodiment of a transpor- 
tation apparatus according to the present inven- 
tion; 

Fig. 4 shows a second embodiment of the trans- 
portation apparatus according to the present 
invention; 

Fig. 5 shows a third embodiment of the present 
invention; 

Fig. 6 shows a fourth embodiment of the present 
invention; 

Fig. 7 shows a fifth embodiment of the present 
invention; 

Fig. 8 shows a sixth embodiment of the present 
invention; 

Fig. 9 shows a seventh embodiment of the pre- 
sent invention; 

Fig. 10 shows an eighth embodiment of the pre- 
sent invention; 

Fig. 11 shows a ninth embodiment of the present 
invention; 

Fig. 12 shows a tenth embodiment of the present 
invention; 

Fig. 1 3 shows an eleventh embodiment of the pre- 
sent invention, and; 

Fig. 14 shows a twelfth embodiment of the pre- 
sent invention. 

Detailed description 

In the subsequent description, many components 
of the different embodiments are the same or similar, 
and in this case the same reference numerals are 
used to indicate corresponding parts. 

A first embodiment of the present invention will 
now be described with reference to Figs. 2 and 3. 

Fig. 2 shows the overall construction of an elec- 
tronic component transporting apparatus to which the 
present invention is applied. Various electronic com- 
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ponents 4 are stored in the electronic component 
store device 15 (or in the component store 15a which 
will be discussed later). A printed circuit board 5 is 
fixed horizontally onto a conveyor 13. A head 1 is 
mounted over the board and is operated by a suspen- 
sion type 2 -axis cartesian co-ordinate robot 14 having 
its X- and Y-axes in a plane parallel to the surface of 
this printed circuit board 5. i.e. in a horizontal plane. 
One electronic component 4 is withdrawn from the 
electronic component store device 15 or 15A by 
adsorption due to suction by an adsorption nozzle 3 
and the component is transferred to the printed circuit 
board 5. Fig. 2 shows that the apparatus has a base 
100 which supports the other parts. 

The construction of this embodiment is shown in 
more detail in Fig. 3. The head 1 supports the adsorp- 
tion nozzle 3, a driving device 16 for moving vertically 
(in the 2 axis) the nozzle 3, a driving device 17 for 
rotating the nozzle around its centre axis (0 axis), an 
imaging apparatus (camera) 6, an optical component 

8 which, in Fig. 3, lies on an extension of the axis of 
the nozzle 3 and which has a reflection surface 7. a 
driving device 9 for moving the optical component 8 
relative to the imaging apparatus 6 and a transmission 
device 18. Furthermore, there is an illumination 
device 19 for illuminating the electronic component 4 
near the optical component 8 or the nozzle 3. 

In this embodiment, the driving device 16 for the 
vertical motion of the nozzle 3 and the driving device 

9 for the relative motion of the optical component B are 
the same. Furthermore, a plane mirror inclined at 45° 
to the axis of the nozzle 3 is used as the optical com- 
ponent 8. 

When the image of the electronic component 4 is 
taken, a cam 20 of the transmission device 18 is 
rotated by the operation of the driving device 9 on an 
instruction from a controller 12 of the electronic com- 
ponent transporting apparatus, a link mechanism 21 
swings, slides the optical component 8 along a slide 
rail 22 and positions the reflection surface 7 previ- 
ously on the extension of the axis of the nozzle 3 so 
as to define an optical path between the electronic 
component 4 and the imaging apparatus 6, via a sec- 
ond optical component 23 also having a reflection sur- 
face. 

When the electronic component 4 is picked up 
from the electronic component supply device 15 or 
15a and when it is mounted onto the printed circuit 
board 5, the driving device 9 operates similarly under 
instruction from the controller 12 of the electronic 
component mounting apparatus and withdraws the 
optical component 8 to a position clear of the exten- 
sion of the axis of the nozzle 3, or in other words, it 
causes parallel motion in the horizontal direction. The 
nozzle 3 may then be lowered in synchronism with the 
parallel motion due to rocking of the link mechanism 
21 described above and in this position a component 
4 may by picked up by the nozzle 3 or mounted on the 



printed circuit board 5. 

In this embodiment, the vertical motion of the 
adsorption nozzle 3 and the motion of the optical com- 
ponent 8 can be made in the interlocking arrangement 

5 with each other by the same driving device. Theref- 
ore, both of these motions can be reliably 
synchronized and there is no possibility that the 
nozzle 3 and the optical component 8 will interfere 
with each other. Since the object which moves is the 

10 optical component 8, which is light in weight and since 
its operation stroke is small, a rapid, reciprocating 
motion can be made at the time of imaging and this is 
very effective for reducing the time for mounting the 
component 4 on the board 5. 

is ' Fig. 4 shows a second embodiment of the present 
invention in which the mechanism for moving the opti- 
cal component 8 and the mechanism for moving the 
nozzle 3 are separate. Apart from this, other compo- 
nents may be the same as in the first embodiment and 

20 will not be discussed in detail. In Fig. 4, it can be seen 
that the optical component 8 is mounted at the end of 
a piston rod of a piston 9, which moves the optical 
component parallel to the plane of the printed circuit 
board 5. This movement permits the optical compo- 

25 nent 8 to be moved from the position shown in Fig. 4, 
in which it contributed to defining an optical path be- 
tween the component 4 on the nozzle 3 and the imag- 
ing apparatus (camera) 6 via the optical component 8 
and the further reflection surface 23, and withdrawn 

30 position in which it is clear of the extension of the axis 
of the nozzle 3. The nozzle 3 is driven by a suitable 
driving device 16, which permits both vertical and 
rotational movement. The section embodiment has a 
relatively simple construction, but the timing of the 

35 movement due to driving device 9 and driving device 
1 6 then needs to be synchronized. 

Fig. 5 shows another embodiment of the present 
invention, which is substantially similar to the embo- 
diment in Fig. 3. except that there has been some 

40 geometrical re-organization of the components. Fig. 5 
also shows the store device 15 of the components 4. 

In each of these embodiments, the head 1 moves 
immediately above an electronic component store 
device 15 and the nozzle 3 is lowered and vacuum 

45 adsorbs one electronic component 4 into the end of 
the nozzle 3. At this time, the optical component 8 
having a reflection surface 7 is in a withdrawn position 
10, e.g. to one side of the nozzle 3 where it does not 
impede the operation of the nozzle 3. The nozzle 3 

so rises and the head 1 moves linearly above the mount- 
ing target position 11 on the surface of the printed cir- 
cuit board 5 and transfers the electronic component 4. 
During the transfer operation, the optical component 
8 is positioned on the extension of the axis of the 

55 adsorption nozzle 3 and an image of the electronic 
component 4 can thus be seen by imaging apparatus 
6. 

The imaging apparatus 6 photographs the image 
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of the electronic component 4 under instruction from 
the controller 12 of the imaging apparatus, determines 
whether the component 4 is correctly positioned on 
the nozzle 3 and measures the deviation (AX, AY, 
AO) of the position (X,Y) and the posture (6) of the s 
electronic component 4 with respect to the head 1 . 

The optical component 8 is then again withdrawn 
to its withdrawn position 10 and the head stops at a 
suitable position, found by correcting the rotary angle 
round the axis of the nozzle 3 calculated on the basis w 
of the image recognition result and adding the position 
correction distance in the X- and Y-d Erections calcu- 
lated similarly to the original instruction position. 
Then, the nozzle 3 lowers, mounts the electronic com- 
ponent 4 onto the printed circuit board 5 and thus is 
completes the mounting operation of one electronic 
component 4. 

Next, a fourth embodiment of the present inven- 
tion will be explained with reference to Fig. 6. In this 
embodiment, the driving device 16 for the vertical 20 
motion of the adsorption nozzle 3 and the driving 
device 9 for the motion of the optical component 8 are 
separate from each other and the controller 12 of the 
electronic component transporting apparatus gener- 
ates the instructions to both driving devices 9 and 16 25 
on the basis of a predetermined sequence so as to 
make the similar vertical motion and retreating 
motion. It is then sim3ar to the second embodiment 

The second and fourth embodiments have the 
advantage that head 1 can be compact because a 30 
cam and a complicated transmission mechanism are 
not necessary. 

Next, a fifth embodiment of the present invention 
will be explained with reference to Fig. 7. In this embo- 
diment, the driving device 1 6 for the vertical motion of 35 
the adsorption nozzle 3 and the driving device 9 for 
the motion for the optical component 8 are again 
separate from each other. The operation of the driving 
device 9. for linear motion or rotation is converted to 
rotation through a transmission device 18. is transmit- 40 
ted to the optical component 8 and carries a retreating 
motion (withdrawal) of the reflection surface 7 relative 
to the axis of the nozzle 3. 

This embodiment provides the advantage of 
accomplishing the withdrawal of the optical compo- 45 
nent 8 by a reciprocating motion or rotary motion of 
the driving device 9 with a short stroke. It is possible 
to combine the cam 20 of the first embodiment with the 
rotary withdrawal system of this embodiment 

Next, a sixth embodiment of the present invention so 
will be explained with reference to Fig. 8. 

This embodiment uses a steel belt 24 in place of 
the link mechanism used in the first embodiment A 
link 21 is connected to the driving device 16 through 
the cam 20 separately from the cam and the link for 55 
moving the nozzle 3 vertically. The steel belt 24 is con- 
nected to the free end of the link 21 and the optical 
component 8 is connected to the other end of the steel 



belt 24 which is bent around a pulley filed to the head 
1. 

In addition to the advantages obtained by the first 
embodiment this embodiment provides the advan- 
tage that the transmission device 18 can be construc- 
ted compactly, using the cam 20, the link 21 and the 
steel belt 24. 

Next, a seventh embodiment of the present inven- 
tion will be explained with reference to Fig. 9. 

In this embodiment the nozzle 3 for adsorbing the 
electronic component 4, the driving device 16 for the 
vertical motion of the nozzle 3 and the driving device 
1 7 for rotation of the nozzle 3 are provided on the head 
1 . Movable optical components 8 and 25 having res- 
pective reflection surfaces 7 and 7 A, are mounted on 
the extension of the axis of the nozzle 3* and there is 
the driving device 9 for the motion of the optical com- 
ponent 8, a driving device 26 for the optical compo- 
nent 25, slide rails 22 and 27, the optical component 
23 fixed to the head 1 and the imaging apparatus 
(camera) 6 fixed to the head 1. 

An image of the electronic component 4 is gener- 
ated at the imaging apparatus 6, there then being an 
optical path between the component 4 and the imag- 
ing apparatus 6, via the further end indicated and opti- 
cal components 8 and 23, on the extension of the axis 
of the nozzle 3. That image is generated during the 
transfer operation of the 2-axis Cartesian co-ordinate 
robot 14. Other types of robot, for example, Selective 
Assembly Robot Arm type robot or (SCARA type 
robot) or a cylindrical co-ordinate robot, can be 
employed in the present invention. Next, after the 
nozzle 3 is positioned immediately above the mount- 
ing target position 11, (see Fig. 3) the pattern being 
the mounting target position of the electronic compo- 
nent on the surface of the printed circuit board 5 or a 
mark existing at a predetermined position near the 
mounting target position is photographed with the 
optical component 25. The devices 9 and 26 are oper- 
ated withdraw the optical component 8 and to move 
the optical component 25 so that it is aligned with the 
optical component 23, thus to define an optical path 
between the circuit board 5 and the engaging device 
6. 

Alternatively, the plurality of patterns or marks 
described above that are printed on the printed circuit 
board 5 may be photographed before the electronic 
component 4 is adsorbed. 

in this embodiment, the direction of movement of 
the optical components 8 and 25 along by the slide 
rails 22 and 27 is perpendicular to the direction of the 
optical path to the imaging apparatus 6 in a horizontal 
plane. It is also possible to rotate the optical compo- 
nent 8 having one reflection surface as shown In Fig. 
10 instead of having separate optical component 8 
and 25. 

In accordance with this embodiment, the image of 
the electronic component 4 can be obtained during 
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the transfer operation, the head 1 need not stop once 
at a predetermined position for the purpose of photo- 
graphing and only the optical component 8 having the 
reflection surface is withdrawn. 

Therefore, this retreating motion can be made 
within a short period and the total time necessary for 
mounting the electronic component can be reduced. 
Furthermore, since the images of the patterns or 
marks around the periphery of the mounting target 
position 11 of the printed circuit board 5 can be 
obtained by the imaging apparatus 6 fixed to the head 
1 which is stopped immediately above the mounting 
target position 1 1 either immediately before, or in adv- 
ance of, the mounting of the electronic component, 
the relative displacement to be corrected between the 
head 1 and the target position 11 of the printed circuit 
board 5 can be determined directly. Accordingly, 
there is the advantage that the accuracy or otherwise 
of the suspension type robot 14 does not influence the 
photographing of the printed mounting board and the 
use of that photographed image to determine the 
movement of the nozzle 3 to achieve correct mounting 
of the component 4 unlike the known apparatus 
shown in Fig. 1 wherein the mounting head 1 is stop- 
ped at another position to photograph the electronic 
component or the apparatus of Japanese 63099/1 986 
wherein the optical axis of the Imaging apparatus is 
brought into alignment with the mounting target posi- 
tion 1 1 in order to photograph the printed circuit board 
5. 

This embodiment provides a further advantage, 
namely that one imaging apparatus 6 can generate 
the image of the electronic component 4 as well as the 
images of the patterns or marks. 

All the above embodiments related to the case 
where the apparatus for transporting e component 
had a single camera, which camera was mounted on 
the head. 

Next, an eighth embodiment of the present inven- 
tion wSI be described, in which there are two cameras. 
The embodiment will be described with reference to 
Fig. 1 1 . In Fig. 1 1 , parts which are generally similar to 
corresponding parts of the earlier embodiments are 
indicated by the same reference numerals. 

As can be seen from Fig. 11, a first imaging 
device (camera) 6 is mounted on the head 1 . Indeed, 
the arrangement of the imaging device 6, the probe 3 
which holds an electronic component 4. the optical 
components 8 and 23, and the drive mechanisms 9 
and 1 6 are the same as in the embodiment of Fig. 4. 
and will not be discussed. 

However, unlike the previous embodiments, 
there is a second imaging device (camera) 42 which 
is positioned next to the conveyor 1 3 which supports 
the printed circuit board 5. Indeed, this imaging device 
42 may be the same as the conventional camera 2 
shown in Fig. 1. However, as can be seen from Fig. 
1 1 , the two imaging apparatus 6 and 42 are connected 



to a common controller 12A, which enables either or 
both of these imaging apparatuses 6. 42 to observe 
to electronic component 4. Preferably, the first imag- 
ing apparatus 6 has a narrow field of view, and the 

s second imaging apparatus 42 has a wide field of view. 
Then, if a small electronic component 4 is picked up 
by the nozzle 3, a detaSed picture of it may be 
obtained using the imaging apparatus 6, which views 
the electronic component 4 via the optical compo- 

10 nents 8 and 23. 

If, on the other hand, the electronic component 4 
is large, then the field of view of the imaging apparatus 
6 may be too narrow to observe the whole of that elec- 
tronic component. In such a case, the head 1 may be 

15 moved so that the electronic component 4 is above 
the second imaging apparatus 42. the optical compo- 
nent 8 withdrawn using the driving device 9, and the 
electronic component 4 may then be observed by the 
second imaging apparatus 42. The detection of the 

20 position of such a targe component, relative to the 
head 1 is then the same as in the known systems with 
reference to Fig. 1 . However, with the embodiment of 
Fig. 11, there is the advantage that a more precise 
measurement of the position of a smaller electronic 

25 component can be obtained then is possible in the 
prior art, because the first imaging apparatus 6 may 
be used for such a small component. 

The use of imaging apparatuses 6, 42 with diffe- 
rent fields of view may be used in conjunction with the 

30 provision of stores for different sizes components. 
This can be seen referring to Fig. 1 , in which the store 
15 is for small components and the store 15a is for 
large electronic components. If the second imaging 
apparatus 42 is located proximate the store 15a for 

35 the large electronic components, in the same way that 
the imaging apparatus 2 is located near the store 1 5a 
in Fig. 1, then the head 1 needs to move a large elec- 
tronic component only by a short distance before it 
can be observed by the second imaging apparatus 

40 42. 

Where electronic components are stored in diffe- 
rent stores depending on the size of the electronic 
component, then the controller 12a may co-ordinate 
the detection of the position of each component rela- 

45 live to the head 1 in dependence on the store 15. 15a 
from which that electronic component 4 has been 
picked up by the nozzle 3 of the head 1. 

In the eighth embodiment, described with refer- 
ence to Fig. 11, the imaging apparatus (camera) 6 

so with a narrow field of view is mounted on the head 1. 
and the imaging apparatus 42 with a wide field of view 
is mounted on the base 100. However, it is also poss- 
ible for both imaging apparatuses to be mounted on 
the head, as shown in the ninth embodiment, Dlus- 

55 trated in Fig. 12. In Fig. 12. parts which correspond to 
parts of embodiments described earlier are indicated 
by the same reference numerals. 

In Fig. 12, there is a second imaging apparatus 43 
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which is mounted on the head. A third optical compo- 
nent 44 is then mounted below that imaging apparatus 
43. which optical component 44 has a reflection sur- 
face 45 which directs the direction of view of the imag- 
ing apparatus 43 towards the electronic component 4. 
In the embodiment of Fig. 12, the optical component 
8 is rota table about an axis in its plane, as well as 
movable linearly parallel to that axis. 

In the embodiment of Fig. 12, if the electronic 
component 4 is smalt, the detection of its position is 
as in the previous embodiments. Thus, the imaging 
apparatus 6 detects the location of the electronic com- 
ponent 4 on the nozzle 3, via the optical components 
8 and 23. If, however, the electronic component 4 is 
too large to be observed by the imaging apparatus 6 
(assuming that imaging apparatus has a narrow field 
of view), then the optical component 8 is rotated about 
an axis in its plane, so that it turns through substan- 
tially 90° in an anti-clockwise direction Fig. 12. When 
the optical component 8 is in that position, the second 
imaging apparatus 43 may observe the position of the 
component 4 on the nozzle 3 via the third optical com- 
ponent 44 and the first optical component 8. If the sec- 
ond imaging apparatus 43 has a wide field of view, 
large components may then be observed. When the 
position of the electronic component 4 on the nozzle 
3 has been observed by either the first or second 
imaging apparatuses 6, 43, then the optical compo- 
nent 8 may be moved linearly in its plane, along rail 
22, so that it is clear of the axis of the nozzle 3, so that 
the electronic component 4 may be lowered onto a 
printed circuit board 5. 

This ninth embodiment gives the same advan- 
tage as the eighth embodiment, namely that the posi- 
tion of different sized electronic components may be 
measured accurately, but it also has the advantage 
that, since the second imaging apparatus 43 is moun- 
ted on the head 1 , there is less risk of a poor image 
due to image shake, and also there is no delay whilst 
the head 1 moves to the position of the second imag- 
ing apparatus 42, as in the eighth embodiment 

In the eighth and ninth embodiments, described 
with reference to Figs. 11 and 12. a second imaging 
apparatus (camera) is provided for observing large 
electronic components. In the tenth embodiment of 
the present invention, shown in Fig. 13. a second 
imaging apparatus (camera) is provided but in this 
case the second imaging apparatus is for observing 
the printed circuit board. 

In Fig. 13, components which are similar to com- 
ponents of earlier embodiments are indicated by the 
same reference numerals. Thus, it can be seen that 
the arrangement of the first imaging apparatus (cam- 
era) 6 mounted on the head 1 is the same as in the 
embodiment shown in Fig. 4. 

However, Fig. 13 also shows a second imaging 
apparatus (camera) 44 which is mounted on the head 
1 and is directed downwardly so that it may observe 



the printed circuit board 5. Thus, this camera may 
observe the exact position of the head 1 relative to the 
printed circuit board 5, to increase the precision of 
positioning of the electronic component 4 on the prin- 

5 ted circuit board 5 when the electronic component 4 
is lowered onto the printed circuit board 5. Thus, this 
embodiment is related to the seventh embodiment of 
the invention, described with reference to Fig. 9, and 
in a similar way patterns or marks may be provided on 

w the printed circuit board 5, to assist in the determi- 
nation of the position of the head 1 above a suitable 
target position. 

An arrangement which combines the advantages 
of the ninth and tenth embodiments is shown in Fig. 

15 14. Parts of this embodiment which are similar to parts 
of the embodiment of Fig. 5 are indicated by the same 
reference numerals, and will not be described in 
detail. However, Fig. 14 shows a second imaging 
apparatus 47, and a beam splitter 48. Thus, the sec- 

20 ond imaging apparatus (camera) 47 may observe the 
electronic component 4 via the beam splitter 48 and 
the first optical component 8, whBst the first imaging 
apparatus (camera) 6 can observe the electronic 
component 4 via the optical component 23. the beam 

25 splitter 48, and the first optical component 8. Thus, the 
controller 12B may select the appropriate imaging 
apparatus 6, 47 in dependence on the size of the elec- 
tronic component 4 without there being any physical 
movement of the optical components 8, 23 or beam 

30 splitter 48, since the beam splitter 48 permits an 
image of the electronic component 4 to be generated 
simultaneously at the first and second imaging 
apparatuses 6, 47. Therefore, this embodiment has 
the advantage that . independent of the size of the 

35 electronic component 4, its position relative to the 
nozzle 3 may be determined rapidly because the con- 
troller 12a will select only the appropriate signals from 
the first and second imaging apparatuses 6, 47 for 
further processing. 

40 By suitable design of the beam splitter 48, either 

the first or second imaging apparatus 6, 48 may be 
used to observe the printed circuit board 5. The beam 
splitter 48 may permit light to pass directly from the 
board 5 to the second imaging apparatus 47, or may 

45 direct light from the board 5 to the optical component 
23. and then to the first imaging apparatus 6. Again, 
no physical movement of the optical components 8. 
23. the beam splitter 48. or the imaging apparatuses 
6, 47 is necessary to achieve this. 

so Thus, in accordance with the present invention, 

transfer of the electronic component and detection of 
displacement (position) of an electronic component 
can be executed simultaneously. Accordingly, the 
head need not stop at a predetermined position for the 

55 purpose of photographing the electronic component 
(except possibly if that component is large) and the 
electronic component can be transferred through the 
shortest path. The optical components are lighter in 
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weight and need a shorter alignment time for position- 
ing, as compared with the known technique which 
moves the optical system as a whole inclusive of the 
imaging apparatus 6 and the like and for this reason, 
the retreating operation can be made at a higher 5 
speed. Thus, a shortening of the total time for mount- 
ing the electronic component can be obtained. 

Since the imaging apparatus (camera) fixed to the 
head measures directly the displacement of the elec- 
tronic component with respect to the nozzle, the posi- 10 
tion error of the head at the time of photographing 
does not affect the measurement result and accuracy 
of the mounting position can be improved. 

f5 

Claims 

1. An apparatus for transporting a component (4), 
comprising: 

a base (100); 20 

a head (1) movable relative to said base; 

holding means (3) on said head (1) for 
holding said component (4), movement of said 
head (1) being arranged to cause transportation 
of said component (4) relative to said base (100 25 
when said component (4) is held by said holding 
means (3); 

an imaging apparatus (6) on said head (10 
for investigating said component (4) optically 
when said component (4) is held on said holding 30 
means i3); and 

at least one optical component (6) on said 
head (1) for defining an optical path between said 
imaging apparatus (6) and said component when 
said component (4) is held by said holding means as 
(3); 

characterised in that: 

said imaging apparatus (6) is fixed to said 
head (1 ). and said at least one optical component 
(8) m movable 40 

relative to said imaging apparatus (6) be- 
tween an operating position, m which said optical 
path is defined between said imaging apparatus 
(6) and said component (4) when said component 
is held by said holding means (3), and a with- 45 
drawn position. 

2. An apparatus according to claim 1 . further includ- 
ing a further imaging apparatus (42) fixed to said 
base (100) for investigating said component (4) so 
when said component (4) is held on holding 
means (3) in a predetermined position relative to 
said base (100). 

3. An apparatus according to claim 1 , wherein said 55 
imaging apparatus (6) has a narrow angle of view, 
and said apparatus includes a further imaging 
apparatus (42,43,45) having a wide angle of view 



for investigating said component when said com- 
ponent is held by said holding means. 

4. An apparatus according to claim 3, wherein said 
further imaging apparatus (42) is fixed to said 
base. 

5. An apparatus according to any one of the preced- 
ing claims, wherein said holding means (3) is a 
nozzle movable in a first direction relative to said 
head (1). 

6. An apparatus according to claim 4, wherein said 
at least one optical component (8) is movable in 
a direction substantially perpendicular to said first 
direction. 

7. An apparatus according to claim 4 or claim 5, 
wherein said first direction intersects said at least 
one optical component (8) when said optical com- 
ponent (8) is in said operating position. 

8. An apparatus according to any one of claims 4 to 

6, further including a linkage (18) between said at 
least one optical component (8) and said holding 
means (3) for moving said at least one optical 
component and said holding means simul- 
taneously. 

9. An apparatus according to any one of the preced- 
ing claims, wherein said at least one optical com- 
ponent (6) is movable in a direction substantially 
parallel to the direction of incidence on said at 
least one optical component (8) of the part of said 
optical path from said imaging apparatus (6) to 
said at least one optical component (8). 

10. An apparatus according to any one of claims 1 to 

7, wherein said at least one optical component (8) 
is movable in a direction substantially perpen- 
dicular to the direction of incidence on said at 
least one optical component (8) of the part of said 
optical path from said imaging apparatus (6) to 
said at least one optical component (8). 

11. An apparatus according to any one of claims 1 to 
4, wherein said at least one optical component (8) 
is rotatable between said operating position and 
said withdrawn position. 

12. An apparatus for transporting a component (4). 
comprising: 

a base (100); 

a head (1) movable relative to said base 

(100); 

holding means (3) on said head for holding 
said component (4), movement of said head (1) 
being arranged to cause transportation of said 
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component (4) relative to said base (100) when 
said component (4) is held by said holding means 
(3); and 

an imaging apparatus (6) on said head (1 ) 
for investigating said component (4) optically s 
when said component (4) is held on said holding 
means (3) said imaging apparatus (6) having a 
narrow angle of view; and 

at least one optical component (6) on said 
head (1 ) for defining an optical path between said 10 
imaging apparatus (6) and said component (4) 
when said component (4) is held by said holding 
means (3); 

characterised in that 

the apparatus further comprises a further is 
imaging apparatus (42,43,45) having a wide 
angle of view for investigating said component (4) 
when said component (4) is held by said holding 
means (3). 

20 

13. An apparatus according to claim 3 or claim 12, 
wherein said further imaging apparatus (43,45) is 
fixed to said head (1). 

14. An apparatus according to claim 13 wherein said 
at least one optical component (8) has an 
additional position in which an additional optical 
path is defined between said further imaging 
apparatus (43) and said component (4) when said 
component is held by said holding means (1). 

15. An apparatus according to any one of claims 
3,12,1 3 or 14. having a further optical component 
(44) for defining a further optical path including 
said further component <44) between said further 35 
imaging apparatus (43) and said component (4) 
when said component (4) is held by said holding 
means (1). 

16. An apparatus according to claim 12. wherein said 40 
further imaging apparatus (42) is fixed to said 
base (100). 

17. An apparatus for transporting a component (4). 
comprising: 45 

a base (100); 

a head (1) movable relative to said base 

(100); 

holding means (3) on said head (1) for 
holding said component (4), movement of said so 
head (1) being arranged to cause transportation 
of said component (4) relative to said base (100) 
when said component (4) is held by said holding 
means (3); 

a imaging apparatus (6) on said head for 55 
investigating said component (4) when said com- 
ponent (4) is held on said holding means (3); and 

at least one optical component (8) on said 



head (1 ) for defining an optical path between said 
imaging apparatus (6) and said component (4) 
when said component (4) is held by said holding 
means (3); 

characterised in that: 

the apparatus further includes a further 
imaging apparatus (42) fixed to said base (100) 
for investigating said component (4) when said 
component (4) is held on said holding means (3) 
in a predetermined position relative to said base 
(100). 

18. An apparatus according to claim 2 or claim 19, 
wherein said head (1) is movable relative to said 
base (100) such as to move said holding means 
(3) from a position in which said component (4) is 
in said predetermined position to an additional 
position. 

19. An apparatus according to any one of the preced- 
ing claims, wherein said base (100) has means 
(13) for supporting a board (5) thereon in a selec- 
ted position. 



21. An apparatus according to any one of the preced- 
ing claims, wherein said head (1) is connected to 
said base (100) via a two-axis orthogonal robot 
(14). 

22. An apparatus according to any one of the preced- 
ing claims wherein said imaging apparatus (6) is 
a camera. 

23. An apparatus according to any one of the preced- 
ing claims, further including a controller 
(12,12a,12b) for controlling movement of at least 
said head (1) and said at least one optical com- 
ponent (8). 

24. An apparatus according to anyone of the preced- 
ing claims, further including storage means 
(15.15a) on said base (100) for storing a plurality 
of electrical components, any of said electrical 
component corresponding to said components to 
be transported by said apparatus. 

25. A method of transporting a component (4) using 
a transportation apparatus comprising a base, a 
head, (1), holding means (3) on said head (1). an 
Imaging apparatus (6) fixed to said head (1), and 



25 20. An apparatus according to claim 1 9, wherein said 
at least one optical component (8) is rotatable 
from said operating position to a board-viewing 
position, in which board-viewing position an 
additional optical path is defined between said 
30 imaging apparatus (6) and said selected position 

via said at least one optical component (8). 
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at least one optical component on said head (1), 
the method comprising: 

holding said component (4) on said hold- 
ing means (3); and 

moving said head (1) relative to said base 5 
(100) when said component (4) is held by said 
holding means (3), thereby to transport said com- 
ponent (4); 

characterised in that: 

the imaging apparatus (6) is fixed to the 10 
head (1); and 

said method further includes: 
moving said optical component (8) relative 
to said imaging apparatus (6) from a withdrawn 
position to an operating position, in which operat- is 
ing position an optical path is defined between 
said imaging apparatus (6) and said component 

(4); 

investigating said component (4) optically 
using said imaging apparatus (6); and 20 

moving said optical component (8) to said 
withdrawn position. 

26. A method of transporting a component (4) using 

a transportation apparatus comprising a base 25 
(100), a head (1), holding means (3) on said head 
(1), and an imaging apparatus (6) on said head 
(1) and having a narrow angle of view, the method 
comprising: 

a) holding said component (4) on said holding 30 
means (3); and 

b) moving said head (1) relative to said base 
(100) thereby to transport the component (3); 

characterised in that 

the apparatus further includes a further 35 
imaging apparatus (42,44,45) having a wide 
angle of view, and 

the method includes: 

determining whether said component (4) is 
greater than a predetermined size; 40 
wherein 

when said component (4) is less than said 
predetermined size, said method further includes 
investigating said component (4) using said imag- 
ing apparatus (6); and wherein, 45 

when said component (4) is greater than 
said predetermined size, said method further 
includes investigating said component (4) using 
said further imaging apparatus (42.44,45). 

so 

27. A method of transporting a component (4) using 
a transportation apparatus comprising a base 
(100), a head (1). holding means (3) on said head 
(1), and an imaging apparatus (6) on said head, 

the method comprising: 55 

a) holding said component (4) on said holding 
means (3); end 

b) moving said head (1) relative to said base 



(100) thereby to transport the component (4); 

characterised in that: 

the apparatus includes a further imaging 
apparatus (42) fixed to said base (100); and 

the method further includes: 

determining whether said component is 
greater than a predetermined size; 

wherein, when said component (4) is less 
than said predetermined size, said method further 
includes investigating said component (4) using 
said imaging apparatus (6); and wherein: 

when said component (4) is greater than 
said predetermined size, said method further 
includes investigating said component (4) using 
said further imaging apparatus (42). 

28. A method according to any one of claims 25 to 27, 
wherein said component (4) is held in a compo- 
nent store (15,15a) on said base (100) prior to 
being held by said holding means (3) 

29. A method according to any one of claims 25 to 28. 
wherein said base (3) supports a board (5), and 
said component (4) is transported to said board 
(5) subsequent to the investigation of said com- 
ponent by said imaging apparatus (6). 

30. A method according to claim 29. wherein said at 
least one optical component (8) is movable to a 
further position in which an optical path is defined 
between said imaging apparatus (6) and said 
board (5) via said at least one optical component 
(8), during the transportation of said component 
(4) to said board (5). 
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